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(54) ORIENTING METHOD OF LIQUID CRYSTAL, PRODUCTION OF LIQUID CRYSTAL 
ELEMENT, AND LIQUID CRYSTAL ELEMENT AND DISPLAY DEVICE BY THAT PRODUCTION 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress irregularity in 

characteristics of an element and to obtain a wide 4 
driving margin by subjecting a liquid crystal to at least 
one cycle of temp, increasing and decreasing treatment 
in the temp, range of a chiral smectic phase. 
SOLUTION: The liquid crystal 5 is a chiral smectic liquid 
crystal and shows an increase in the layer distance in a 
SmA phase during the temp, is decreased. Moreover, a 
•liquid crystal showing 1% or more- increase in the layer-' 
distance in the SmA phase is preferably used. Further, a 
liquid crystal satisfying the relation of dmin/dmax>0.990 
is preferably used, wherein dmax is the largest layer 
distance of the smectic liquid crystal and dmin is the 
smallest layer distance of the liquid crystal in the temp, 
range of the smectic phase. The liquid crystal 5 heated 
to a temp, showing an isotropic phase is injected into a 
cell and subjected to at least one cycle of temp, 
increasing and decreasing process in the SmC phase. 
Thereby, irregularity in orientation of the liquid crystal 

element as a display medium can be suppressed, the obtd. element has a wide driving margin 
and shows excellent driving characteristics. Thus, a display image with high precision, fast 
operation and a large area can be obtd. 
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[Claim(s)] 

[Claim l] The orientation approach of the liquid crystal characterized by performing temperature up and 
at least one or more cycles of temperature fall processings to the above-mentioned liquid crystal in a 
chiral smectic phase temperature requirement in the liquid crystal device which comes to pinch the liquid 
crystal in which a chiral smectic phase is shown between the electrode substrates of a couple. 
[Claim 2] The orientation approach of liquid crystal according to claim 1 that the relation between the 
largest smectic liquid crystal interlayer spacing dmax and the narrowest liquid crystal interlayer spacing 
dmin fills [ the above-mentioned liquid crystal ] dmin/dmax>=0.990 in a chiral smectic phase temperature 
requirement. 

[Claim 3] The orientation approach of the liquid crystal according to claim 1 or 2 which the 
above-mentioned liquid crystal increases [ an interlayer spacing ] by 1% or more in a smectic A phase at 
the time of a temperature fall. 

[Claim 4] claims 1-3 in which the above-mentioned liquid crystal has the structure where a book-shelf or 
the layer angle of inclination near it is small, in a chiral smectic phase - the orientation approach of 
liquid crystal given in either. 

[Claim 5] claims 1-4 in which the above-mentioned liquid crystal does not have a cholesteric phase - the 
orientation approach of liquid crystal given in either. 

[Claim 6] The orientation approach of the liquid crystal according to claim 5 which is the liquid crystal 
constituent with which said liquid crystal contains the fluorine content liquid crystal compound which it 
has a part for a part for a fluorocarbon end, and a hydrocarbon end, and this both ends part is combined 
by the core, and has a smectic intermediate phase or a potential smectic intermediate phase. 
[Claim 7] The orientation approach of liquid crystal according to claim 6 that the amount of [ in said 
fluorine content liquid crystal compound ] fluorocarbon end is the radical expressed with -Dl-CxaF2 xa-X. 
(However, the above-mentioned inside xa of a formula is 1:20, and X expresses -H or -F. Dl) - CO"0-(CH2) 
ra-, -0-(CH2) ra-,/(CH2) ra-, - Express OS02-, -S02-, S02 (CH2) ra-, -0-(CH2) ra-0-(CH2) rb-, -(CH2) 
ra-N(CpaH2pa+l) S02-, or (CH2) ra-N(CpaH2pa+l)-CO:. ra and jb are. 1^20 independently,- and.pa(s) 
are 0-4. 

[Claim 8] The orientation approach of liquid crystal according to claim 6: that -the amount of [ in said 
fluorine content liquid crystal compound ] fluorocarbon end is the radical expressed with D2-(CxbF2 
xb*0) za-CyaF2ya+l. (However, the above-mentioned inside xb of a formula is 1-10 independently of each 
(CxbF2 xb-O). ya) It is 110 and za(s) are 1-10. D2 - CO O-CrcH2rc-, O CrcH2rc-, -CrcH2rc-, - 0-(CsaH2 
sa-O) ta-CrdH2rd-, -0-S02-, - S02-, -S02-CrcH2rc-, -CrcH2 rc-N(CpbH2pb+l)-S02-, - It is chosen out of 
CrcH2 rc-N(CpbH2pb+l) CO- and single bond, rc and rd are 1-20 independently, respectively, sa(s) are 

t i r\ _• i j j_i r _ _ _ i_ / t to /~\\ 4 . . f . \ .-•/•» i i / \ r\ * 

x- x\j mutiptJiiutJiiuy ui eacn vv^san-6 sa-^/, tavsv are jl-d, anu puvs/ are u - ^. 

[Claim 9] The orientation approach of liquid crystal according to claim 6 that said fluorine content liquid 
crystal compound is expressed with the following general formula (I). 
[Formula l] 
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-fi85$ (I) 

R 1 - (A'^-L'- (A^-L'- (A^-J'-R 8 



X 1 ,3 



Y 1 



Z 1 



CS+x A 1 , A s x A s li. iftZtvmiK. 







OYOT . 



N^N (A) 

? • Y 





******** g a ^ a ^ a eX p reS s the integer (however, ga+ha+ia is at least 2) of 0-3 independently. 

Independently each LI and L2 Single bond, -COO, OCO, - Express COS-, -S-CO, -COSe-, -Se-CO, 
-COTe-, -Te-CO, -CH2CH2-, -CH=CH-, -C**C-, -CH=N-, -N=CH-, CH20, OCH2-, -CO-, or O. Each 
XI, Yl, arid Zl are the substituent of Al, A2, and A3, and H, -CI, -F, Br, I, OH, OCH3, -CH3, -CN, or 
-N02 is expressed independently, and each ja, ma, and na express the integer of 0-4 independently. Jl 
COCKCH2) ra-, -0-(CH2) ra-, - Express CH2ra-, OS02-, -S02-, -S02 (CH2) ra-, CHCH2) raO(CH2) 
rb-, -(CH2) ra-N(CpaH2pa+l)-S02-, or -(CH2) ra-N(CpaH2pa+l)-CCK ra and rb are 1-20 independently, 
and pa(s) are 0-4. Rl expresses O CqaH2 qa-0-CqbH2qb+l, -CqaH2 qaOCqbH2qb+l, -CqaH2 qa R3, 
-O CqaH2 qa-R3, -CO-0-CqaH2 qa-R3, or -0-CO-CqaH2 qa R3. The shape of a straight chain, You may be 
any of the letter of branching (however, R3 expresses 0C0CqbH2qb+l, -CO-0-CqbH2qb+l, -H, -CI, -F, 
-CF3, -N02, and -CN, and qa and qb are 1-20 independently). R2 expresses CxaF2 xa-X (X expresses H 
or F and xa is the integer of 120). ] 

[Claim 10] The orientation approach of liquid crystal according to claim 6 that said fluorine content liquid 
crystal compound is expressed with the following general formula (II). 
[Formula 2] 

. -^..(II>.. _ . : ... ; __ iV _. ... 
R 4 — (A 4 )gb — L 3 — (A 6 )hb — L 4 — (A 6 )ib — J 2 — R 5 



X 2 



Y 2 



mb 



nb 




N^N 

9 




******** 



gb, hb, and ib express the integer (however, gb+hb+ib is at least 2) of 0-3 independently, 
respectively. Independently each L3 and L4 Single bond, -COO, -OCO-, - COS-, -S'CO, CO Se-, 
-Se-CO, CO-Te-, - Express Te-CO-, -(CH2CH2) ka- (ka is 1-4), -CH=CH-, C**C-, CH=N-, -N=CH-, 
-CH2-0-, -O CH2-, -CO-, or 0-. Each X2, Y2, and Z2 are A4, A5, and the substituent of A6, and H, CI, F, 
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-Br, -I, -OH, OCH3, -CH3, CF3, -OCF3, -CN, or -N02 is expressed independently, and each jb, mb, and 
nb express the integer of 0-4 independently. J2 -CO O CrcH2rc-, OCrcH2rc-, - CrcH2rc-, 0(CsaH2 
sa-O) ta-CrdH2rd-, - O S02-, -S02-, S02CrcH2rc-, CrcH2 rc N(CpbH2pb+l) S02-, - It is CrcH2 
rc-N(CpbH2pb+l)-CO-, rc and rd are 1-20 independently, sa(s) are 1*10 independently of each (CsaH2 
sa-O), ta(s) are 1-6, and pb(s) are 0-4. R4 - Express 0(CqcH2 qc-O) wa-CqdH2qd+l, (CqcH2 qc-O) 
waCqdH2qd+l, -CqcH2 qc-R6, -0-CqcH2 qc-R6, -CO-0-CqcH2 qc-R6, or -0-CO*CqcH2 qc-R6. You may be 
any of the shape of a straight chain, and the letter of branching (however, R6 expresses 
-0-CO-CqdH2qd+l, -CO-0-CqdH2qd+l, -CI, F, -CF3, -N02, -CN, or -H, and the integer of 1-20 and wa of 
qc and qd are the integers of 1*10 independently). R5 is expressed with za-CyaF(CxbF2 xb-O) 2ya+l 
(however, for the above-mentioned inside xb of a formula, it is 1-10 independently of each (CxbF2 xb-O), 
ya(s) are 1-10, and za(s) are 1-10). ] 

[Claim 11] claims 1*10 whose above-mentioned liquid crystal is ferroelectric liquid crystals - the 
orientation approach of liquid crystal given in either. 

[Claim 12] claims 1-10 whose above-mentioned liquid crystal is antiferroelectricity liquid crystal -- the 
orientation approach of liquid crystal given in either. 

[Claim 13] The manufacture approach of the liquid crystal device which is the manufacture approach of 
the liquid crystal device which comes to pinch the liquid crystal in which a chiral smectic phase is shown 
between the electrode substrates of a couple, takes down after injecting the liquid crystal of an isotropic 
phase into a eel, and is characterized by performing temperature up and at least one or more cycles of 
temperature fall processings to the above-mentioned liquid crystal in a chiral smectic phase temperature 
requirement. 

[Claim 14] The manufacture approach of the liquid crystal device according to claim 13 which prepared 
the orientation control layer in the field which touches one [ at least ] liquid crystal of the electrode 
substrate of a up Norikazu pair. 

[Claim 15] The manufacture approach of the liquid crystal device according to claim 14 which prepared 
the orientation control layer in the field which touches each liquid crystal of the electrode substrate of a 
up Norikazu pair. 

[Claim 16] The manufacture approach of the liquid crystal device according to claim 15 which prepared a 
mutually different orientation control layer in the field which touches the liquid crystal of the electrode 
substrate of a up Norikazu pair. 

[Claim 17] The manufacture approach of the liquid crystal device according to claim 15 which prepared 
the same orientation control layer as the field which touches the liquid crystal of the electrode substrate 
of a up Norikazu pair. 

[Claim 18] claims 13*17 with which the relation between the largest smectic liquid crystal interlayer 
spacing dmax and the narrowest liquid crystal interlayer spacing dmin fills [ the above-mentioned liquid 
crystal ] dmin/dmax>=0.990 in a chiral smectic phase, temperature: requirement the ; manufacture. .. : ^ 
approach of a liquid crystal device given in either. 

[Claim 19] claims 13-18- which the above-mentioned liquid crystal increases [ an interlayer spacing ] by ■ 
1% or more in a smectic A phase at the time of a temperature fall - the manufacture approach of a liquid 
crystal device given in either. 

[Claim 20] claims 13- 19 in which the above-mentioned liquid crystal has the structure where a book shelf 
or the layer angle of inclination near it is small, in a chiral smectic phase -- the manufacture approach of 
a liquid crystal device given in either. 

[Claim 21] claims 13-20 in which the above-mentioned liquid crystal does not have a cholesteric phase -■ 
the manufacture approach of a liquid crystal device given in either. 

[Claim 22] The manufacture approach of the liquid crystal device according to claim 21 which is the liquid 
crystal constituent with which said liquid crystal contains the fluorine content liquid crystal compound 
which it has a part for a part for a fluorocarbon end, and a hydrocarbon end, and this both ends part is 
combined by the core, and has a smectic intermediate phase or a potential smectic intermediate phase. 
[Claim 23] The manufacture approach of a liquid crystal device according to claim 22 that the amount of 
[ in said fluorine content liquid crystal compound ] fluorocarbon end is the radical expressed with 
-Dl CxaF2 xa-X. (However, the above-mentioned inside xa of a formula is 120, and X expresses H or -F. 
Dl) - CO-0-(CH2) ra-, -0 (CH2) ra-, -(CH2) ra-, - Express 0-S02-, -S02-, -S02-(CH2) ra-, -0-(CH2) 
ra-0-(CH2) rb-, -(CH2) ra-N(CpaH2pa+l)S02-, or -(CH2) raN(CpaH2pa+l)CO-. ra and rb are 120 
independently, and pa(s) are 0-4. 

[Claim 24] The manufacture approach of a liquid crystal device according to claim 22 that the amount of 
[ in said fluorine content liquid crystal compound ] fluorocarbon end is the radical expressed with 
-D2-(CxbF2 xb-O) zaCyaF2ya+l. (However, the above-mentioned inside xb of a formula is 1*10 
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independently of each (CxbF2 xbO). ya) It is 1-10 and za(s) are 110. D2 - CO-0-CrcH2rc-, -OCrcH2rc-, 
CrcH2rc, - 0(CsaH2 sa*0) taCrdH2rd-, -0-S02-, - S02-, S02CrcH2rc-, CrcH2 
rc-N(CpbH2pb+l) S02-, ■ It is chosen out of CrcH2 rcN(CpbH2pb+l)CO- and single bond, rc and rd are 
1-20 independently, respectively, sa(s) are 110 independently of each (CsaH2 sa-O), ta(s) are 1-6, and 
pb(s) are 0-4. 

[Claim 25] The manufacture approach of a liquid crystal device according to claim 22 that said fluorine 
content liquid crystal compound is expressed with the following general formula Q). 
[Formula 3] 
-USE* (I) 

R 1 - (A^-L 1 - (A 2 ) to -L a - (A 8 )*-! 1 -!* 2 

iii 

ma Z 1 na 



******** g a an( j j a express the integer (however, ga+ha+ia is at least 2) of 0-3 independently. 
Independently each LI and L2 Single bond, -COO, -OCO-, - Express COS-, -S-CO, -COSe-, -Se CO-, 
-CO-Te-, -Te-CO, -CH2CH2-, -CH=CH-, -C**C-, CH=N-, N=CH-, -CH2-0-, -0-CH2-, -CO-, or -0-. Each 
XI, Yl, and Zl are the substituent of Al, A2, and A3, and H, CI, F, Br, I, OH, -OCH3, CH3, -CN, or 

N02 is expressed independently, and each ja, ma, and na express the integer of 0-4 independently. Jl 
-CO-0-(CH2) ra-, 0 (CH2) ra-, - Express CH2ra-, -OS02-, S02-, -S02(CH2) ra-, -0-(CH2) raO(CH2) 
rb-, -(CH2) ra-N(CpaH2pa+l) S02-, or -(CH2) raN(CpaH2pa+l)-CO-. ra and rb are 1-20 independently, 
and pa(s) are 0-4. Rl expresses ;0;CqaH2 qa;0-CqbH2qb+l, CqaH2 qa p CqbH2qb+l,. -CqaH2 qa R3, 

d : Cqaft2 qa-R3, qa-K37or' : b ; -6b-b'qaH'2 qa^RSf. the shape of a straight chain, You may be 
any of the letter of branching (however, R3 expresses -0-COCqbH2qb+l, -CO-0:CqbH2qb+l, H, CI, F, 

CF3, -N02, and CN, and qa and qb are 120 independently). R2 expresses CxaF2 xaX (X expresses H 
or -F and xa is the integer of 1-20). ] 

[Claim 26] The manufacture approach of a liquid crystal device according to claim 22 that said fluorine 
content liquid crystal compound is expressed with the following general formula (11). 
[Formula 4] 
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-«S5£ (ID 

R 4 - .(A^-L 8 - (A 5 )hb — L 4 - (A 8 )a,-J a -R B 



X 2 jb 



Y 2 



mb 



z 2 



nb 



. . ^ . N ^ N . ^ . ^ 

******** ^ an( j j|j express the integer (however, gb+hb+ib is at least 2) of 0-3 independently, 
respectively. Independently each L3 and L4 Single bond, -CO-O, -OCO, - CO-S-, -S-CO, -CO-Se-, 
■Se-CO-, -CO-Te-, - Express Te-CO, -(CH2CH2) ka- (ka is 1-4), -CH=CH-, -C**C-, -CH=N-, N=CH-, 
-CH2 0-, -O CH2-, -CO-, or -O. Each X2, Y2, and Z2 are A4, A5, and the substituent of A6, and -H, -CI, -F, 
-Br, -I, -OH, -OCH3, -CH3, -CF3, -OCF3, -CN, or -N02 is expressed independently, and each jb, mb, and 
nb express the integer of 0-4 independently. J2 -CO-0-CrcH2rc-, -0"CrcH2rc-, - CrcH2re% -0-(CsaH2 
sa-O) ta-CrdH2rd-, - 0-S02-, -S02-, -S02-CrcH2rc-, -CrcH2 rc-N(CpbH2pb+l)S02-, - It is CrcH2 
rc-N(CpbH2ph+l) CO-, rc and rd are 1-20 independently, sa(s) are 1-10 independently of each (CsaH2 
sa-O), ta(s) are 1-6, and pb(s) are 0-4. R4 - Express 0 (CqcH2 qc-O) waCqdH2qd+l, (CqcH2 qc-O) 
wa-CqdH2qd+l, CqcH2 qc-R6, -0-CqcH2 qc-R6, CO-0-CqcH2 qc-R6, or -0-CO-CqcH2 qc-R6. You may be 
any of the shape of a. straight chain, and the letter of branching (however, R6 expresses 
-O CO CqdH2qd+l, -CO-O CqdH2qd+l, -CI, -F, -CF3, -N02, -CN, or -H, and the integer of 1-20 and wa of 
qc and qd are the integers of 1-10 independently). R5 is expressed with za*CyaF(CxbF2 xb O) 2ya+l 
(however, for the above-mentioned inside xb of a formula, it is 1-10 independently of each (CxbF2 xb-O), 
ya(s) are 1-10, and za(s) are 1-10). ] 

[Claim 27] claims, ; 13-26. whose above -mentioned liquid : crystal is:. ^ ferroelectric liquid.. crystals; :.% : .the. 
manufacture approach of a liquid crystal device given in either. 

[Claim 28] claims 13-26 whose above-mentioned liquid crystal is antiferroelectricity liquid crystal being- 
absent -- the manufacture approach of a liquid crystal device given in **. 

[Claim 29] claims 13-28 - the liquid crystal device characterized by being manufactured by either by the 
manufacture approach of a publication. ' 

[Claim 30] The display characterized by having a liquid crystal device according to claim 29 and the 
driving means of this liquid crystal device. 




[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the orientation approach of the liquid crystal in this 
liquid crystal device further about the display using the liquid crystal device and this liquid crystal device 
which are used for the light valve used for a flat-panel display, a projection display, a printer, etc., and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] as the liquid crystal device used extensively conventionally - for example, 
em shut QVL Schadt), the W. Helfrich (W. Helfrich) work, and applied physics Letters (Applied Physics 
Letters) -- the thing using the 18th volume and the Twisted Nematic (Twisted Nematic) liquid crystal 
shown in the 127- 128th page of the 4 No. (February 15, 1971 issuance) is known. 

[0003] Moreover, a passive -matrix type liquid crystal device is one of those which are known as a 
configuration of a typical liquid crystal device. Component production is easy for this type, and it is 
predominant in respect of cost. However, since there was a trouble that a cross talk occurs, at the time of 
the time -sharing actuation using the matrix electrode structure which made the pixel consistency high, 
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the number of pixels was restricted. Moreover, since the speed of response was as slow as ten or more 
mses, the application as a display was restricted. 

[0004] In recent years, development of the liquid crystal device called TFT (thin film transistor) type is 
performed to the component above passive-matrix type. In order that this type may attach a transistor to 
each pixel, it becomes difficult to produce a liquid crystal device that there is np defect pixel as it becomes 
a large area, while the problem of a cross talk or a speed of response is solved, and great cost is generated 
even if producible. 

[0005] As what improves the trouble of the liquid crystal device of such a conventional type, the 
component using the liquid crystal in which bistability nature is shown is proposed by Clerks (Clark) and 
RAGAWORU (LagerwalD (JP, 56- 107216, A, U.S. Pat. No. 4367924 description). The ferroelectric liquid 
crystal which has the chiral smectic C (SmC*) phase which is generally one of the chiral smectic liquid 
crystal as liquid crystal in which this bistability nature is shown is used. Since this ferroelectric liquid 
crystal performs reversal switching by spontaneous polarization, it can make the bistability condition 
which a rapid-response rate is dramatically obtained upwards and has memory nature discover. Since the 
angle -of -visibility property is furthermore also excellent, it is thought that it is suitable as the display 
device or light valve of a high speed, a high definition, and a large area. 

[0006] On the other hand, there was a problem of a zigzag-like orientation defect having occurred and 
reducing contrast remarkably as the liquid crystal device using chiral smectic liquid crystal was indicated 
by the structure and the physical properties (Corona Publishing, Atsuo Fukuda, the Hideo Takezoe work, 
1990) of "ferroelectric liquid crystal, for example. The layer structure of the ferroelectric liquid crystal 
supported between vertical substrates forms two kinds of Chevron structures, and this defect originates 
in the bending include angle (the tilt angle delta of a layer) of that layer system being quite large, the 
Chevron structure which has such a problem recently is canceled, and the layer structure called 
book shelf or the structure near it is appeared - making - high there is a motion that a good contrast 
liquid crystal device will be realized. For example, the liquid crystallinity compounds (a U.S. Pat. No. 
5262082 official report, the international application patent WO 93/No. 22396, the international congress 
on the a little more than 1993 4th [ per year ] dielectric liquid crystal, P-46, Mark Di Radcliffe (Marc 
D.Radcliffe), etc.) which have a perfluoro ether side chain as a liquid crystal ingredient which appears a 
book-shelf or the structure near it are indicated. This liquid crystal can appear the structure where the 
layer angle of inclination near a book shelf is small also for ** not using external fields, such as electric 
field, 

[0007] As a reason a liquid crystal compound with an above-mentioned perfluoro ether side chain 
presents book shelf structure, it is thought that it is because it has the property that liquid crystal 
molecule spacing increases as it is on a low temperature side. That is, generally, in a chiral smectic liquid 
crystal device, in case orientation of the liquid crystal molecule is carried out through a cooling process 
from a hotliquid" condition (isotropic pha^ c^ 

phase, and it is SmC*. A liquid crystal molecule inclines from a layer, normal by carrying out phase 
transition to ai phas& for a ''\il^^' m 9iii^i^ 'C^ fh^BB (SinGA)]. Only the parf to which the liquid crystal 
molecule inclined from the layer normal at this time cannot but take the Chevron structure, in order that 
it may compensate a volumetric shrinkage, since an interlayer spacing becomes short. On the other hand, 
the liquid crystal compound with a perfluoro ether side chain Since it has the property that liquid crystal 
molecule spacing increases as it is on a low temperature side, SmC* Even if a liquid crystal molecule 
inclines from a layer normal by carrying out phase transition to a phase (or SmCA phase) Molecule 
spacing is offset by the property said that a low temperature side becomes long, and it is SmC*. The 
interlayer spacing in a phase (or SmCA phase) can take the value near the interlayer spacing in a SmA 
phase. Therefore, ** can also make the structure where a book shelf or the layer angle of inclination near 
it is small appear spontaneously not using external fields, such as electric field. 
[0008] 

[Problem(s) to be Solved by the Invention] However, with the liquid crystal ingredient with which the 
above molecule spacing becomes long by the low temperature side when this invention person etc. 
observes, it is SmC*. In the phase (or SmCA phase), it turned out that the field where the component 
properties of the molecule by an apparent tilt angle and an apparent information signal electrical 
potential difference, such as fluctuation, differ presents the orientation condition of be distribute 
disorderly, a field with few [ here / for convenience / relatively / an apparent tilt angle is large and ] 
amounts of fluctuation of the molecule by the information -signal electrical potential difference - P - an 
apparent tilt angle calls P2 field relatively a field with many [ small ] amounts of fluctuation of the 
molecule by the information signal electrical potential difference 1 field. 

[0009] As a result of repeating a detailed examination as a reason which the field where the above 
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properties differ appears, it is thought that the following is the cause. 

[0010] That is, molecule spacing is usually SmC* with the liquid crystal ingredient with which a low 
temperature side becomes long. Also not only in a phase (or SmCA phase) but in the SmA phase, molecule 
spacing has the property that a low temperature side becomes long. That is, the structure where a 
book shelf or the layer angle of inclination near it is small is formed by carrying out phase transition to a 
SmA phase from the phase by the side of an elevated temperature (an isotropic phase, a nematic phase, or 
cholesteric phase). Then, if it cools farther, the force which is going to lengthen molecule spacing will 
work, but since it is fixed, the layer normal lay length of a liquid crystal device, i.e., (layer pitch), x, 
(number of layers) serves as the form where the whole system receives compressive force only as for the 
part to which molecule spacing is extended by cooling. 

[0011] On the other hand, although this compression should start homogeneity to all layers essentially, 
the compression unevenness of the part strongly compressed by unevenness, such as a eel and 
temperature, and the part which is not compressed so strongly will be produced. That is, the layer 
compression unevenness in a SmA phase is SmC*. It will become the unevenness of the component 
property in a phase (or SmCA phase), and will appear. 

[0012] When PI and P2 field where the above component properties differ is changing continuously, it 
does not become especially a problem practically, but when two fields are changing nonsequetially 
(rapidly), the boundary part of these fields will become a defect, will become lowering of contrast, and the 
cause of abnormality reversal domain generating, and will cause actuation margin lowering. 
[0013] The object of this invention is SmC* which originates in the layer compression unevenness at the 
time of the elevated temperature in a SmA phase in the liquid crystal device which used chiral smectic 
liquid crystal. Generating of the unevenness of the component property in a phase (or SmCA phase) is 
controlled, a large actuation margin is realized, and it is in offering a good display. 
[0014] 

[Means for Solving the Problem] It is the orientation approach of the liquid crystal characterized by 
performing temperature up and at least one or more cycles of temperature fall processings to the 
above-mentioned liquid crystal in a chiral smectic phase temperature requirement the first of this 
invention in the liquid crystal device which comes to pinch the liquid crystal in which a chiral smectic 
phase is shown between the electrode substrates of a couple. 

[0015] Moreover, the second of this invention is the manufacture approach of the liquid crystal device 
which comes to pinch the liquid crystal in which a chiral smectic phase is shown between the electrode 
substrates of a couple, and is the manufacture approach of the liquid crystal device which takes down 
after injecting the liquid crystal of an isotropic phase into a eel, and is characterized by performing 
temperature up and at least one or more cycles of temperature fall processings to the above-mentioned 
liquid crystal in a chiral smectic phase temperature requirement. 
^'.■.■» /[0016] : l£-is s th^ 

invention by the above-mentioned manufacture approach, and. the fourth is a display characterized by 
" having this liquid crystal device and its driving means. 

[0017] This invention has the description by canceling or easing the orientation unevenness resulting 
from the layer compression unevenness in a SmA phase peculiar to the liquid crystal ingredient in which 
the structure where a book- shelf or the layer angle of inclination near it is small is shown spontaneously 
to have raised the actuation margin. That is, in this invention, it is equalizing by carrying out 
re -temperature up of the layer compression unevenness produced by the increment in the interlayer 
spacing by cooling of liquid crystal in a chiral smectic phase. In the liquid crystal device by which 
compression unevenness was eased, the unevenness of a component property is controlled and a large 
actuation margin is obtained. 
[0018] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail in accordance with 1 
operation gestalt of the liquid crystal device of this invention shown in drawing 1 . In addition, drawing 1 
is a cross section and, for la and lb, a substrate, 2a, and 2b of an electrode, and 3 and 4 are [ an 
orientation control layer and 5 ] liquid crystal among drawing. 

[0019] In the liquid crystal device of this invention, the substrates la and lb of a couple which consist of 
glass, plastics, etc. counter, and are arranged, and electrode 2a of a predetermined pattern configuration 
and 2b are formed on each substrate, respectively. These electrodes are In2 O and Sn02. Or transparence 
electric conduction film, such as ITO (Indium Tin Oxide), is used. Moreover, in this operation gestalt, 
electrode 2a and 2b are formed in the shape of a stripe, respectively, they are arranged so that it may 
intersect perpendicularly substantially mutually, and they constitute the matrix electrode. In this 
invention, one electrode 2 can be formed with a metal etc. and it can also consider as the liquid crystal 
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device of a reflective mold. Furthermore, in this invention, electrode structure is not restricted to the 
above-mentioned passive -matrix structure. 

[0020] On electrode 2a and 2b, the orientation control layers 3 and 4 are formed if needed, respectively. 
The orientation control layers 3 and 4 may be only either, and may be the combination of the same film or 
different film. This operation gestalt describes the desirable gestalt at the time of forming the orientation 
control layers 3 and 4 suitable when liquid crystal without the cholesteric phase mentioned later is used 
by mutually different film. 

[0021] The orientation control layer 3 is a layer which is in the range whose volume-resistivity value is 
1.0x104 to l.OxlOlO ohmcm preferably. As this layer, the film which consists of the film, the polycrystal, 
or the amorphous semiconductor which consists of polycrystal or an amorphous substance metallic oxide 
if needed, and the film which distributed the particle (conductive particle) in the binder are used, for 
example. The conductive* control impurity may be added by the film which consists of the 
above-mentioned polycrystal or an amorphous substance metallic oxide, polycrystal, or an amorphous 
semiconductor, and the particle if needed, and conductivity is adjusted. 

[0022] as the film which consists of said polycrystal or an amorphous substance metallic oxide - for 
example, ZnO, CdO, and ZnCdOx etc. - the film which consists of an oxide of an IIB group element, Ge02, 
Sn02, GeSnOx, Ti02, Zr02, and TiZrOx etc. - the film which consists of an oxide of an IVA group element 
and an IVB group element is mentioned. 

[0023] As film which consists of said polycrystal or amorphous semiconductor, the film of IVB group 
semi-conductors, such as Si and SiC, is mentioned. 

[0024] Moreover, as a particle, the particle of the oxide the above-mentioned IIB group element's, the 
oxide an IVA group element's, the oxide an IVB group elements, and an IVB group ! s semi -conductor is 
used, for example. 

[0025] As a conductive control impurity added by the above-mentioned polycrystal or an amorphous 
substance metallic oxide, polycrystal or an amorphous semiconductor, and the particle, the following are 
mentioned if needed. Cu, Ag, Au, Li, etc. whose B, aluminum, Ga(s), In(s), etc. which are an IIIB group 
element as for example, an n mold impurity (impurity which raises a donor / electronic electric 
conduction) are IA group and IB group element as a p mold impurity (impurity which raises an 
acceptor/Hall conductivity) are used for the conductive control impurity doped to the oxide of an IIB group 
element. Moreover, B, aluminum, Ga, In, etc. whose P, As, Sb, and Bi which are VB group element as for 
example, an n mold impurity are an IIIB group element as a p mold impurity are used for the oxide of an 
IVB group element, and the conductive control impurity doped to a semi conductor, respectively. 
[0026] About such a conductive control impurity, when the surface potential by the side of the substrate 
which has an orientation control layer containing the ingredient with which the impurity concerned was 
added is forward, a donor is used, and in a negative case, an acceptor is used. The free electron of the 
ingredient in the^ condition that the impur ity- was added-although set up about -theiadditioniccmGeriLtration - 
of an impurity according to the class of ingredient (the ingredient of a particle and an impurity . should put 
together) and the crystallized state (amount of a crystal defect consistency), or the concentration of a free 
electron hole is 1.0x1011 - 1.0x1014 atm/cm3. It is desirable to make it become extent. When you use 
polycrystal or an amorphous ingredient as an ingredient of the parent which adds an impurity, let 
1.0x1017 - 1.0x1020 atm/cm3 (it is about 0.01 - 1% to a parent ingredient) be actual additions in 
consideration of the addition effectiveness of an impurity. 

[0027] As an ingredient used as the binder which distributes said particle, SiOx, TiOx, ZrOx, other oxide 
melting base materials, SHIROKISAMPORIMA, etc. are used, for example. 

[0028] As for the orientation control layer 4, uniaxial orientation processing is made. Thickness makes 
50A especially 100A or less 70A or less preferably. 

[0029] The orientation control layer 4 can be obtained by carrying out rubbing (rubbing processing) of the 
film front face with fibrous ingredients, such as velvet, cloth, and paper, after forming the film of the 
organic substance by solution spreading etc. As an ingredient used for this orientation control layer, 
organic materials, such as polyvinyl alcohol, polyimide, polyimidoamide, polyester, a polyamide, polyester 
imide, poly paraxylene, a polycarbonate, a polyvinyl acetal, polyvinyl chloride, polystyrene, a polysiloxane, 
cellulosic resin, melamine resin, urea resin, and acrylic resin, are mentioned. Moreover, an oxide or 
nitrides, such as SiO, can be vapor-deposited from across to a substrate, membranes can be formed, and it 
can also form with the method vacuum deposition of slanting which gives uniaxial orientation restraining 
force. 

[0030] Especially the thing for which the polyimide film which has the repeat unit expressed with the 
following general formula P as an orientation control layer to which up Norikazu shaft orientation 
processing is performed is used is desirable. 
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[0031] 
[Formula 5] 

(- K - P 11 - L n - M 11 - (L ,2 ) a - P 12 - ) 



(K \$AmT$>*) 




[0032] Moreover, the following repeat- unit structures are mentioned as concrete structure of these 

polyimide. 

[0033] 

[Formula 6] 
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[0034] 

[Formula 7] 
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[0035] In the liquid crystal device of this operation gestalt, it counters through a spacer bead 
(un illustrating) in the field which Substrates la and lb were stuck through the sealant (un illustrating) 
in the periphery section, and was specified by this sealant, and the eel gap is formed. A eel gap is set as 
the range of about about 1-5 micrometers, when using a ferroelectric liquid crystal. Moreover, in addition 
to a spacer, an adhesive bead may be distributed between substrates in order to raise the adhesive 
property between substrates. 

[0036] The liquid crystal 5 used in this invention is chixal smectic liquid crystal, and the liquid crystal 
which an interlayer spacing increases in a SmA phase at the time of a temperature fall is used. Therefore, 
the effectiveness of this invention can be acquired also in the antiferroelectricity liquid crystal which has 
not only a ferroelectric liquid crystal but the same property. Especially, this invention is preferably 
applied to the liquid crystal which an interlayer spacing increases by 1% or more in a SmA phase. 
[0037] Moreover, in this invention, the liquid crystal with which the relation between the largest smectic 
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liquid crystal interlayer spacing dm ax and the narrowest liquid crystal interlayer spacing dm in fills 
dmin/dmax>=0.990 is preferably used in a chiral smectic phase temperature requirement. 
[0038] Liquid crystal without a cholesteric phase is mentioned as liquid crystal especially used in this 
invention. Moreover, when liquid crystal without a cholesteric phase is used, while BATONE occurs 
gradually in isotropic phase -smectic phase transition, an orientation condition is formed, but if the eel is 
constituted from combination of different orientation control film which was described above, BATONE 
will begin to occur from one substrate, the condition of saying that it grows up to be the substrate side of 
another side will be appeared, and it will be easy to realize good homogeneity orientation. 
[0039] The liquid crystal constituent containing the fluorine content liquid crystal compound which it has 
a part for a part for a fluorocarbon end and a hydrocarbon end preferably as liquid crystal furthermore 
used in this invention, and this bothends part is combined by the core, and has a smectic intermediate 
phase or a potential smectic intermediate phase is desirable. 

[0040] As said fluorine content liquid crystal compound, the amount of fluorocarbon end - The radical 
expressed with DlCxaF2 xa-X (however, the above-mentioned inside xa of a formula is 1-20, and X 
expresses -H or F Dl), - COCKCH2) ra-, -CKCH2) ra-, (CH2) ra-, - Express O S02-, -S02-, -S02-(CH2) 
ra-, 0-(CH2) ra-0(CH2) rb-, -(CH2) ra-N(CpaH2pa+l)S02-, or -(CH2) ra-N(CpaH2pa+l)-CCK ra and rb 
are 1-20 independently, and pa(s) are 0-4. Or - The radical expressed with D2-(CxbF2 xb-O) 
za CyaF2ya+l (however, the above-mentioned inside xb of a formula is 1-10 independently of each (CxbF2 
xb-O) ya), It is 1-10 and za(s) are 1-10. D2 - COOCrcH2rc and -0-CrcH2rc-, CrcH2rc-, - 0-(CsaH2 sa-O) 
ta CrdH2rd-, -OS02-, - S02-, S02-CrcH2rc-, CrcH2 rcN(CpbH2pb+l)S02-, - it chooses out of CrcH2 
rcN(CpbH2pb+l) CO- and single bond - having -- rc and rd -- respectively - independent -- 1-20 -- it is 
sa - each (CsaH2 sa-O) -- it is 1-10 independently, ta(s) are 1-6, and pb(s) are 0-4. It can come out and a 
compound which exists can be used. 

[0041] The following general formula (I) or the fluorine content liquid crystal compound expressed with 
(II) can be used especially preferably. 
[0042] 
[Formula 8] 

H« (I) 



R l - (A 1 )*, — L 1 — (A 2 ) ha — L 2 — (A^-P-R 2 




******** 

[0043] ga, ha, and ia express the integer (however, ga+ha+ia is at least 2) of 0*3 independently. 

[0044] Independently each LI and L2 Single bond, CO-0-, -OCO, - Express COS-, S CO-, CO Se-, 

-Se CO-, CO-Te-, -Te-CO-, -CH2CH2-, -CH=CH-, C**C-, CH=N-, -N=CH-, -CH2-0-, -0-CH2-, -CO-, or 

■o-. 

[0045] Each XI, Yl, and Zl are the substituent of Al, A2, and A3, and -H, CI, F, -Br, -I, -OH, OCH3, 
-CH3, -CN, or -N02 is expressed independently, and each ja, ma, and na express the integer of 0 4 
independently. 

[0046] Jl -CO O (CH2) ra-, 0-(CH2) ra-, - Express CH2ra-, OS02-, S02-, S02 (CH2) ra-, -0-(CH2) 
ra-0-(CH2) rb-, (CH2) ra-N(CpaH2pa+l)-S02-, or -(CH2) ra-N(CpaH2pa+l) CO-. ra and rb are 1-20 
independently, and pa(s) are 0-4. 

[0047] Rl expresses 0-CqaH2 qa-0-CqbH2qb+l, -CqaH2 qaOCqbH2qb+l, CqaH2 qa R3, -0-CqaH2 
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qa-R3, -C0-0-CqaH2 qa-R3, or -OCO-CqaH2 qa-R3. The shape of a straight chain, You may be any of the 
letter of branching (however, R3 expresses 0 CO CqbH2qb+l, COOCqbH2qb+l, -H, -CI, F, CF3, -N02, 
and -CN, and qa and qb are 1-20 independently). 

[0048] R2 expresses CxaF2 xa-X (X expresses -H or -F and xa is the integer of 1-20). 

[0049] 

[Formula 9] 

(ID 

R 4 — (A^-L 3 - (A 6 ) hb — L 4 — (A 6 )„>-J 2 -R B 



X 2 jb Y 2 



^ • ^ • N ^ N • ^ • y 

******** 

[0050] gb, hb, and ib express the integer (however, gb+hb+ib is at least 2) of 0-3 independently, 
respectively. 

[0051] Independently each L3 and L4 Single bond, -COO, -OCO, • COS-, -S-CO, -COSe-, -Se-CO-, 
CO-Te-, - Express Te-CO-, -(CH2CH2) ka- (ka is 1-4), -CH=CH-, -C'**C- f -CH=N-, -N=CH-, -CH2-0-, 
-O CH2-, -CO-, or -O-. 

[0052] Each X2, Y2, and Z2 are A4, A5, and the substituent of A6, and H, Cl/F, -Br, I, -OH, -OCH3, ■ ~ 
-JCH3, -CF3, -0\CF3, -C.N, or -N02 "is expressed independently, and each. jb,. mb, and .nb express the : 
integer of 0*4 independently. 

[0053] J2 -CO O CrcH2rc-, -0-CrcH2rc-, - CrcH2rc-, 0-(CsaH2 sa-O) taCrdH2rd-, - OS02-, S02-, 
-S02-CrcH2rc-, -CrcH2 rc-N(CpbH2pb+l)-S02-, - It is CrcH2 rc-N(CpbH2pb+l)CO-, rc and rd are 1-20 
independently, sa(s) are 110 independently of each (CsaH2 sa-O), ta(s) are 1-6, and pb(s) are 0 4. 
[0054] R4 - Express 0-(CqcH2 qc-O) wa-CqdH2qd+l, -(CqcH2 qcO) wa-CqdH2qd+l, -CqcH2 qc-R6, 

-0-0™*TT9 n^-RG -00-0-Onr»PT9 np-Rfi nr -0-0.0-0.0^9 nr»-RG Vrm mau ho qtw nf tVio GVinru* nf a ctraitrht 

■ — — w — — - — - — - ~ — — — — ~ — - ./ — ^ — — — jt — — 

chain, and the letter of branching (however, R6 expresses -0-C0-CqdH2qd+l, CO-0-CqdH2qd+l, CI, F, 
CF3, -N02, -CN, or H, and the integer of 1-20 and wa of qc and qd are the integers of 110 
independently). 

[0055] R5 is expressed with za:CyaF(CxbF2 xb-0) 2ya+l (however, for the above-mentioned inside xb of a 

formula, it is 1-10 independently of each (CxbF2 xb-O), ya(s) are 1-10, and za(s) are 110). 

[0056] The compound expressed with the above-mentioned general formula (I) can be obtained by the 

approach of a publication to JP,2 142753,A and U.S. Pat. No. 5,082,587. The examples of this compound 

are enumerated below. 

[0057] 

[Formula 10] 
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I- 1 



1-2 



1-3 



1-4 



1-7 



O 

C^CHaO — @>— CS ^<§>— OC 8 H ls 



O 



C 8 FtCH^> — <@>— cs CeHl8 

o 

C 7 F 16 CH20— CS "^©>- OCHs 



0 
II 



C3F7CH20 — <§>- OC ~<Q>— OC0H21 

O 

1-5 CFsCH 2 0 — <@>— OC — <@>— OC 10 H ai 

O 

I - 6 CaFnCHzO— <§>— OC — OC 10 H 21 



O 



C7F 16 CH 2 0— <Q>— OC — OC, 0 H 21 

O 

I - 8 C 4 F 0 (CH2) a O — <@>— OC — <§)— OCoFL 



O 
II 



L-9 . H X.CFa^CH^ .— <Q>— OC -h(^>- OC,oH 21 



O 

I - 10 H (CF^eCHzO — <Q>— OC ^<Q>— OC10H2, 
[0058] 

[Formula 11] 
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I — 11 H(CF 2 ) 10 CH 2 0 



1-13 



1-14 



1-15 



1-16 




1-12 C 8 F 17 (CH 2 )nO 
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C5F11CH2O 




C3F7CH2O 




C 5 F n CH 2 0 
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OCeHis 
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0C4H 8 





OCgHls 




OCeHig 



1-17 



1-18 



C7F15CH2O 




C 8 F T CH 2 0 
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II 

OC 
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OCeHia 
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CbFuCHjO 
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[Formula 12] 

O 

I - 21 CFaCHzO -<©— OC ^®>- C 10 H SI 

O 

I - 22 CJFnCHaO -<Q>— OC C l0 H 21 

O 

I - 23 C7F15CH2O -<^>— OC — <@>— OCusHes 

O 

I - 24 CFsCItO — OC _< !^~ 0CbHi7 

CI 

o 

I - 25 CF 3 CH z O ^<©>— CO — OCbH 

O 

I - 26 CzFbCI^O — <Q>— CO ^<©>— OCeH 

O 

I - 27 CaF 7 CH a O — <^>— CO — <©>— OCaH 

0 

1-28 CsF^CHiO -<Q>— CO — <@^" 0C 7 H 16 

0 

1-29 C 3 F T CH 2 0 ~<§>^- CO ~<§>— OCbH it 

O 

I - 30 CsF T CH 2 0 — CO OC 10 H a 

[0060] 

[Formula 13] 
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o 

CaFvcHaO — a )>— co — Scb— OC^H^ 




o 

CsFnCaO —CO)— CO — OCsHia 





o 

CsFnCHaO — <C )>- CO — <C )>— OC 7 H 35 





O 

CsFnCftO — CCJ>- CO — <0>- OC 8 H 17 





o 

CsFuCH/) — CC )>— CO — <C )>— OC 10 H 21 





O 

C 7 F 15 CH 2 0 — <( )V- CO — CO>~ OCeHia 





O 

C~F 15 CH 2 0 -»<( }>— CO — (C)>- OCaH.7 





O 

C 7 F 15 CH 2 0 — CO — OC 10 H 21 

O 

HCCF 2 ) 2 CH a O — <@^" CO ~^@>— OC 6 H 18 

O 

H(CF 2 ) 6 CH 2 0 — CO -^©>— OC 6 Hi a 



16- 
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CsFuCHaO— CO ~ <@>- OCoH* 
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CbF„CH 2 0— CO — OCsHn 
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C5FnCH 2 0— CO H§>- 0C 8 H X7 
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C 7 F 15 CH 2 0— <C^— CO — <§>— OCoHsi 
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I - 49 aFnCH.0— <Q>— CO 

OCioHai 

CHsO 

O 

1-50 CbFtCHjQ — <^>— CO -<®>— c = N 

O 

I - 51 CsFnCHaO— CO — C = N 



CI 

O 



I - 52 CFTCHaO — <@>— CO — <@>— OCHaCF, 



O 

I - 53 CbFuCHzO— @>— OC — <^>— C s H n 



O 

I - 54 CF 3 CH 2 0 — @>— OC -<^)~ C7Hl6 

O 

I - 55 CeFuCHzO — @>— OC — CMvZ) - C?HlB 
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I - 56 CoFnCHaO-^)— OC — <§M3 >— CsHn 
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I - 64 C 5 F„CH 2 0— OC — <^j>— 0(CH 2 ) 3 CHC 2 H5 
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I - 65 CaFrCHsO C ° °° OCsHl 



O O 



I - 66 C3F,CH 2 0-<@>- CO H§>— OC — @>— O&eH* 

O O 
I - 67 C a F 7 CH B — ©>- CO — OC — CioH,,, 

O O 
I - 68 CsF 7 CH 2 0 — CO -^©>— OC — <^^~ OC8H 17 



O O 

I - 69 CaFyCHzO — @>— CO — @>— OC OCHit 

OCHa 

1-70 

0 0 
C 8 F T CH 8 0 — <©>— CO — oc ~^Q^~ O(CH 2 ) 3 CHC 8 H 0 

CHa 



o o 

I - 71 CFsCH^ CO 0C ~" OCloH21 

CI 



o o 

I - 72 C 5 F„CH z O-<^— CO — OC — C 10 H„ 

CI 
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CaF 7 CH 2 0 -<@>- CO ^®>- OC -<@>- OCHaCFts 
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CI 
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1-78 ff Y/ 
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O O 

C 8 F 7 CH 2 0 ~H@>- OC CO — <g>- OCHsCaF, 
1-84 

O O 

CbFhCH 2 0— OC CO OCH 2 C B F„ 



I - 85 CoFxxCHaO— <CS>— >>— C^ 
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1-86 CsFtCHsO 



1-87 C B FnCH20 




I - 88 



I — 89 



1-90 



O 
II 

CsFtCHzOC 

o 
II 

C 3 FtCH 2 OC 

o 
II 

QFuCHaOC 






o 
II 

oc 



o 
II 

oc 



o 
II 

oc 






OC 9 H I7 



OC10H21 



OC10H21 



1 — 91 



O 
II 

C 8 FrCH 2 OC 




O 
II 

OC 




C10H21 



1 — 92 



O 
II 

CbF t CH s OC 




o 
II 

OC 



1ST 




OCCHj^CHCsHb 

I 

CII 3 



1 — 93 CaFvCHaOC 




O 

I - 94 CsFtCHssO — — CO — <^3)> — COCHa 



II 
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O O 
I - 95 CsFVOTO — <§>— OC — @>— OC CHa 

I - 96 C IO H E1 0 — 

O— OCH2CF 2 CF 2 CF 3 

1-97 

CHaCH 2 CH(CH3)(CH a ) 8 — O— C^~^ 

N ° ~~ OCH 2 CF 2 CF 2 CF 3 

I - 98 C 1( >H 21 0 /= . 

°^\ ^~\ — OCH 2 CF 2 CF 2 CF a 

I - 99 C e H 17 — OCHsCF. 



I - 100 C 8 H 17 ^CjS^C^ - 0CH2CbFi1 



I - 101 C 8 H 1T — C^^^~ OCH 2 C 7 F 18 

1-102 CaH 16 H^H^— OCH 2 C 7 F 1E 

I - 103 C.oH* -^V-^^— OCH 2 C 7 F ls 

[0069] The compound expressed with the above-mentioned general formula CD can be obtained by the 
approach the international disclosure WO 93/22396 and given in a Patent Publication Heisei 7-No. 
506368 official report. The examples of this compound are enumerated below. 
[0070] 

[Formula 22] 
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n- 1 



n-2 



n-3 



n-4 



n-5 



n-7 



CsHi3 — Cn~C^~~ 0CHaCFaCFa0CF8 



C 8 H, 7 -^j^^^ OCH s CFiOCF a CF 8 
C B H 1T — ^j^-^^— 0CHiCF 8 0CF 2 CF 2 0C4F 9 
C 6 H 13 — OCH2CF2OCF2CF2OC4F9 



C 8 H 17 — ^ V- OCH 2 CF 2 OCF z CF a 



-N 

H - 6 CaH, 7 — f >A jb— OCH 2 CF 2 OCF 2 CF a OC4F 9 




C IO H 21 O^Q-< 0 

O— OCHtCFgOCFaCF, 



CI 

n - 8 C 8 H 17 0 

CI 

n - 9 c b h, 7 o 



[0071] 

[Formula 23] 




P 

O —1 />— OCH ,CF 2 OCF z CF 3 




P 

O — OCH2CF 2 OCF 2 CF 2 OC4F 9 



25 



n-io 

0— V^~~ OCH2CF2OCF2CF3 

n- 11 

CHaCHjiCHCCHaXCHa^ ^ 

^ OCH a CF 2 CX:F2CF l OC«F 



H-12 C 8 HnO — ^^-^ 

0 



n - 13 c 10 h 31 o — 

o 



n- 14 

c W H2i0 — ^y-^ 

o 




OCHzCFzOCFzCFa 




OCH2CF2OCF2CF3 




OCH2CF2OGF2CF2OC4F9 



H-15 CeH^^Q^f _ 

O— O c H 2 CF 2 OCF 2 CF 3 

n-io c.H.o^Q^; 0 _ _ . .., 

°~ - V^~~ V^~~ OCH aCF*OCFdCFs 

1-17 

^ — — OCHS.CF20CF2CF20C4F9 
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[Formula 24] 
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n - 18 .0 o. 



c.„„ Of >^ 



n -20 



°-0- 



OCHzCFgOCFzCFa 



n - 19 OCH2CF 2 OCF2CF s 
C 8 H 17 0— ^^-O 

CN CN 



°V-^~^— OCH 2 CF 2 OCF 2 CF 3 
C 8 H 17 0— ^^-0 

. F F 




II - 21 C 8 H 17 -^ >— OCHzCFzOCzF^CeFw 




H - 22 Ci 0 H 21 — 6 £ OCHaCFsOCzFiOCsFia 



n - 23 C 8 H 1T OCH 2 C a F 6 OC 4 F 8 OC 4 F 9 




II - 24 C l0 H2x — ^ ^— OCH 3 C 8 F 8 OC«F 8 OC4F, 




n - 25 C 8 H,7 — \ ^— *v ?>— OCH 2 CF 2 (OC 2 F 4 ) 2 OCF 3 

[0073] 

[Formula 25] 
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H - 26 C0H21 — 1 i >-A >- OCHaCFaCOCaF^sOCFs 




H - 27 CsH,7 —1 jf""^ " OCHaC^OC^ 




I - 28 C,oH z , —4 i >— ^ ^— OCH2C2F40C4F9 




n - 29 CaHtT —4 >— OCHzCaFeOC^Fs 




H - 30 C W H 21 -4 }>—^ }— OCHaCsFaOC^Fa 




n - 31 C 8 H 17 —4 2r- OCHaCaF^CeFis 




n - 32 C 10 H S1 OCHaCaF^CsF.a 




1 - 38 C B H 17 ^— ^ ^— OCHaC^OCsFi, 




H - 84 C 8 H 17 — ^ ^-4 OCH 2 CaF40C,oF 21 . 




H - 35 CbH 1t -A ^^-4 J>— OCHaCaF*OCF2C(CF 8 ) s 

[0074] 
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n - 36 C 8 H 17 -i >- OCaBLOCHaCFaOCaFJDOF, 




H-37 C 8 H,7 -A OC 2 H40CHaC 7 F l5 




n-38 C 8 H 17 — ^ }— OC 2 H 4 OCH 2 C 6 F„ 




H - 39 CsHn £ >- OCaK.OCaH.OCHsCrF! 



n - 40 CioHaiO OCHaCFaOCFaCFaOCJ^a 



n - 41 C B HnO — C^~~ OCH2CF 2 OCF 2 CF 2 OC 4 F 0 



N 



H-42 CeH„0 — ^ V-^^— OCH 2 CF Z OC4F, 



N- 

n - 43 CaHnO >-< V- OCH2CF 2 OC4F 9 



n - 44 CaH, 7 0 -^3~"^3 _ ^HiCF^CFiCFiOCUF, 



n-45 



C 4 H 9 OCH 2 CHaOCH 2 CHaO ~^]^~ ^V ~^3~ OCH ^ CF * OCF 2 CF * OC * F <' 



[0075] In the chiral smectic liquid crystal used for this invention, it is possible to make additives, such as 
other compounds, for example, a color, a pigment, an antioxidant, and an ultraviolet ray absorbent, 
contain. <BR> [0076] The configuration of the liquid crystal device of this invention is not restricted to 
the configuration of the above-mentioned operation gestalt, and if it is a configuration applied to a 
conventional liquid crystal device, especially a conventional chiral smectic liquid crystal device, it is 
applicable suitably. 

[0077] In this invention, the liquid crystal heated, for example to the isotropic phase in the eel of the 
configuration of the above-mentioned operation gestalt is poured in, and temperature up and one or more 
cycles of temperature fall processes are preferably given more than a two cycle in a SmC* phase (or SmCA 
phase). 

[0078] In this invention, the temperature requirement of temperature up and a temperature fall is set up 
within limits to which the minimum made -20 degrees C or more and an upper limit temperature low 0.5 
degrees C from the phase transition temperature from a phase (for example, smectic A phase) to a higher 
order chiral smectic phase in the temperature requirement which shows a chiral smectic phase. Moreover, 
temperature width of temperature up or a temperature fall is preferably made into about 10-50 degrees C. 
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[0079] In this invention, the smectic layer system was analyzed with the following X-ray diffraction 
method. 

[0080] Fundamentally, it asked for the interlayer spacing d and the tilt angle delta of a smectic layer by 
the approach [Japan display (Japan Display) ! 86, Sep.30Oct.2, 1986.456 458] performed by Clerks and 
Lagerwall. In order for a liquid crystal cell to make heat capacity small using what equipped with 
automatic-temperature-control equipment the X-ray diffractometer (MAC SaiensuSha make) with which 
a measuring device has the revolution cathode method X-ray generating section and to reduce absorption 
of the X-ray to a glass substrate, the micro sheet (80-micrometer thickness) by Corning, Inc. was used for 
the substrate. 

[0081] First, using what applied as a sample bulk liquid crystal (liquid crystal constituent injected into a 
eel) so that a front face might become smooth on 5mm square at a glass substrate, the interlayer spacing 
d applied the peak acquired by the usual powder X-ray diffractometry to Bragg's (Bragg) diffraction 
conditional expression, and it asked for it. 

[0082] Since the smooth nature of a diffraction side is increased, after making measurement temperature 
into the temperature from which each liquid crystal constituent will be in an isotropic liquid condition, it 
dropped temperature for every degree C 3 degrees C and near the changing point, and it measured to the 
temperature from which a diffraction peak is no longer acquired. The automatic-temperature-control 
equipment used for the experiment showed the control precision of about **0.3 degrees C at each 
temperature. 

[0083] Next, the X-ray detector was set by angle of-diffraction 2theta equivalent to the interlayer spacing 
which searched for the smectic layer system formed in the eel previously, theta scan of a eel was done, and 
it asked by the approach shown in said reference. 

[0084] The setups of the above-mentioned X-ray diffractometer are X-ray output =45kVx30mA=13.5kW, 
divergent slit : 0.5 degree, scan slit*0.5 degree, light-receiving slit : 0.15mm, and scan speed : 8 degrees /, and 
min, using copper kappa alpha rays as the analytical line, exposure area is decided by the eel fixture and 
the slit, and.it is 2 8.0xl.8mm. Cel thickness is 2.0 micrometers. In addition, the Sonneveld method was 
used for the background cut-off. 

[0085] Although the liquid crystal device of this invention can be used for liquid crystal equipment with 
various functions, the example for which were most suitable realizes a liquid crystal display by using this 
component for the display-panel section, and taking the communication link synchronous means by the 
data format and SYN signal which consist of image information with drawing 2 and the scanning-line 
address information shown in 3. the sign in drawing - 101 -- a liquid crystal display and 102 ■- a graphic 
controller and 103 - a display panel and 104 - a scanning-line actuation circuit and 105 - an information 
line actuation circuit and 106 -- a decoder and 107 --■ a scanning-line signal generating circuit and 108 * 
for an actuation control circuit and 112, GCPU and 113 are [ a shift register and 109 / line memory and 
• • 410 Aan information- signal generating circuit and 111 /^the-host.CEU^.nd:.114 ]iMRAMis.v'^ ^ •■: ^ ■ 
[0086] Generating of image information is performed by the graphic controller 102 of the main frame, and : 
it is transmitted to a display panel 103 according to the signal means of communication shown in drawing 
2 and drawing 3 . The graphic controller 102 manages management and a communication link of the 
image information between the host CPU 113 and a liquid crystal display 101 for GCPU (central 
processing unit)ll2 and VRAM (memory for image information storing)ll4 in the nucleus. In addition, 
the light source is arranged in the rear face of this display panel. 

[0087] Since the indicating equipment of this invention has the large actuation margin which the 
orientation unevenness of the liquid crystal device which is a display medium is controlled, and is 
mentioned later, it can demonstrate the outstanding actuation property and can obtain the display image 
of a high definition, a high speed, and a large area. 

[0088] As a method of driving the liquid crystal device of this invention, the method of driving a 
publication can be used for JP,59 193426,A, a 59-193427 official report, a 60-156046 official report, and a 
60- 156047 official report, for example. 

[0089] Hereafter, with reference to a drawing, the matrix actuation in the liquid crystal device of this 

invention and the actuation property which becomes important in that case are explained. 

[0090] Drawing 4 is the top view of an example of the liquid crystal panel which has arranged the matrix 

electrode. In this drawing, the scanning line (Si - Sm) of the scan electrode group 62 and the data line Gl 

-In) of the information electrode group 63 intersect a liquid crystal panel 61 mutually, it wires, and liquid 

crystal is arranged between the scanning line and the data line. And each intersection of the scanning 

line and the data line serves as a pixel which is 1 display unit, an electrical potential difference is 

impressed from the scanning line and the data line, and actuation of liquid crystal is made. 

[0091] Drawing 5 and drawing 6 are wave like examples of the driving method (multiplexer actuation) 
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adopted in the matrix electrode structure shown in drawing 4 . 

[0092] The actuation wave shown in drawing 5 is a wave of the reset write-in mold which considered as 
setting out which indicates by black with the polarity by the side of + on the basis of a scanning-line side, 
and made the black display side the reset direction. Inside SO of drawing It is the scan signal wave form 
impressed to the scanning line II It is the information signal wave (white display wave) impressed to the 
data line 12 The information signal wave (black display wave) impressed to the data line is expressed, 
respectively. Moreover, the inside of drawing (SO-Il) and (S0-I2) are the voltage waveforms impressed to 
the selected pixel, the pixel to which the electrical potential difference (SO-Il) was impressed will be in a 
white display condition, and the pixel to which the electrical potential difference (S0 I2) was impressed 
will be in a black display condition (reset is made into a black display side as mentioned above). 
[0093] drawing 6 - it can set (S2-I0) - (S3I0) is the actuation wave shown in drawing 5 , for example, it is 
a time series wave impressed to the 2nd pixel when performing a "white, white, black, and black" display 
to 4 pixels which continues on the same data line, and the 3rd pixel. 

[0094] In the actuation wave shown in drawing 5 and drawing 6 , the pulse which a reset pulse clear one 
line is set as delta(5/2) t, and assists a reset pulse side after a write-in pulse is doing delta(l/2) t existence 
of to write-in pulse width deltat impressed to the pixel on the selected scanning line. For this reason, in 
the actuation wave shown by drawing 5 and drawing 6 , an one line scan period (1H) is set to 4deltat. 
However, it is also possible to establish the time amount which it scans, without establishing the time 
amount which overlaps a scan wave for every line like drawing 6 , and also overlaps an output in the scan 
wave of the two or more scanning lines (for example, adjoining scanning line) (for example, 2delta t 
minutes), and to shorten a practical one-line scan time (1H) (to for example, 2deltat). 
[0095] The value of each parameter [ of an actuation wave ], scan signal-level VS and information signal 
electrical potential difference VI, driver voltage Vop=VS+VI, and bias ratio =VI/(VS+VI), and deltat is 
determined by the switching characteristic of the liquid crystal ingredient to be used. [ which were shown 
in drawing 5 and drawing 6 ] 

[0096] Using the actuation wave shown by drawing 5 , drawing 7 fixes an above-mentioned bias ratio to 
1/3.4, and fixes driver voltage Vop by 20V, and shows change of the final permeability T after the 
actuation wave impression in the applicable pixel at the time of changing pulse width deltat (after 
selection impression). 

[0097] In this drawing, it is permeability when, as for the continuous line, the white display wave (SO-Il) 
(black elimination (reset), white writing) was impressed and, as for a wavy line, a black display wave 
(S0-I2) (black elimination (reset), black maintenance) is impressed. 

[0098] In the case where the white display wave (SO U) of a continuous line is impressed Before the wave 
of an applicable pixel is impressed, the condition is in the black display condition, and it is deltatl. The 
writing to a white display condition has come be thoroughly made in the above pulse width. deltat2 In big 
deltat/- the -writing -to ia- white- display condition is impossible -again: (since -it> will^be in- a~ black display - 
condition again by.impression of the auxiliary pulse of the reversed polarity which follows the pulse of W 
of a white display wave (SO-Il) shown in drawing 5 ). - . . : ; , - . 

[0099] moreover, in the black display wave (S0-I2) of a wavy line Before the wave of an applicable pixel is 
impressed, the condition is in the reverse white display condition. deltat3 The reset and maintenance to a 
black display condition are thoroughly realized with the above pulse width, and it is deltat4. In delta t 
[ big ] Maintenance of a black display condition is impossible (it will be in a white display condition by the 
impression of the maintenance pulse of the reversed polarity which follows B pulse of a black display 
wave (S0 I2) shown in drawing 5 itself). 

[0100] deltat3<deltatl [ usually, ] it is since -- deltatl Threshold pulse width, a call, and deltat2 The 
smaller one (the case of drawing 7 delta t4) of deltat4 is called cross talk pulse width (white cross talk 
pulse width and deltat4 are also called black cross talk pulse width for deltat2). 

[0101] Matrix actuation is made by the actuation wave with the pulse width between threshold pulse 
width and cross talk pulse width, the positive white display by the white display wave (white display 
wave of drawing 5 (SO U)) and the positive black display by the black display wave (black display wave of 
drawing 5 (S0I2)) are attained, and white and good black image display can be performed only with the 
polar difference of an information signal. 

[0102] By enlarging an above-mentioned bias ratio, it is deltat2. deltat4 Although it is possible to enlarge 
the value of cross talk pulse width, it causes [ mean enlarging width of face of an information signal, and ] 
buildup with a bee, and lowering of contrast in image quality and is not desirable to increase a bias ratio. 
According to this invention person's etc. examination, about 1 / three to 1/5 were suitable for the bias ratio. 
[0103] Above-mentioned threshold pulse width deltatl as an index for evaluating this quantitatively, 
although the property about how much allowances are in setting out of actuation conditions is called an 
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actuation margin about such an actuation property The parameter [M2] which expresses the width of face 
from the central value of the value of the cross talk pulse width deltat4 (it is deltat2 depending on the 
case) with a ratio can be used. 
[0104] 

M2=(deltat4deltatl)/(deltat4+deltatl) 

[0105] In a certain constant temperature, the actuation margin with possible and writing black and two 
white conditions in a selection pixel with two kinds of sense of an information signal as mentioned above 
and possible a non-choosing pixel holding the condition of the black or white has a difference by the liquid 
crystal ingredient and the component configuration; and is characteristic. Moreover, also by change of 
environmental temperature, since these actuation margins differ, they need to set up the optimal 
actuation conditions to a liquid crystal ingredient, and a component configuration and environmental 
temperature with a actual liquid crystal display. Naturally as a display device, it is so advantageous that 
the above-mentioned actuation margin parameter M2 is large. 

[0106] In addition, although driver voltage Vop was fixed and pulse width deltat was changed about 
assessment of the actuation property (actuation margin) shown in drawing 7 , pulse width deltat may be 
fixed reversely, driver voltage Vop may be changed, and both parameters may be changed. 
[0107] 

[Example] Using a glass substrate as a substrate, an ITO target is used with respectively common DC 
sputtering system, and it is AjS90SCCM and 02 as power !W/cm2 and sputtering gas. • The ITO film of 
700A thickness. was deposited for 10SCCM by the sink and discharge for 2.5 minutes. Patterning of this 
ITO film was carried out to the shape of a lcmxlcm square by the usual wet etching, and it considered as 
the electrode. 

[0108] On one electrode substrate, it is SiOx. In the silicon oxide base material which consists of a 
polymer, it is SnOx of an antimony dope. The solution which distributed the oxide ultrafine particle was 
applied on the spin conditions of lOOOrpm and lOsec, and the film with a thickness of 1500A was formed. 
Then, 200 degrees C and baking for 60 minutes were performed, and the orientation control layer A was 
formed. 

[0109] The spin coat of the polyimide which has the following repeat unit diluted with the mixed liquor 
(2*1) of NMP (N-methyl pyrrolidone) and nBC (nbutyl cellosolve) (0.5 % of the weight) was carried out to 
the electrode substrate of another side on condition that 500rpm, 15sec and 1500rpm, and 30sec, this was 
calcinated for 60 minutes at 200 degrees C, and the polyimide film with a thickness of 50A was formed. 
Then, lOOOrpm, the amount of pushing of 0.4mm, delivery speed 50 mm/sec, and rubbing processing of 
two uni directionals were performed to the above-mentioned polyimide film, and the orientation control 
layer B was formed. 
[0110] 

*'«[Formula ; -27} --a-*:**.- * .-.i :'>.w,'^7. ^, --.^ * ^. . . ■ • .^--^^--iv^;:^ r - .i ♦ :.*w:>.^!>w>- \-;..:.>.-_ . . 

o o 

II II 




[0111] then, the above-mentioned orientation control-layer B top Si02 of the diameter of 2.4 micrometer 
a spin coat carries out afterbaking of the particle content solution, and distributed fixing is carried out - 
making -■ succeedingly - the adhesion particle (particle size of about 5 micrometers) solution by Tbray 
Industries, Inc. -- a spin coat distributed fixing was heated and carried out. 

[0112] On the other hand, on the orientation control layer A, it applied to the location of a request of a 
sealant using the printing machine, and this was prebaked for 5 minutes at 90 degrees C. 
[0113] Lamination and a press machine are used for two above-mentioned substrates, and they are 50 
gf/cm2. It was stuck by pressure by the pressure. Where the still more nearly same pressure is applied 
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with an air cushion, 150 degrees C and heating for 90 minutes were performed, and the sealant was 
stiffened. In addition, the eel has been arranged between the polarizing plates of a couple a couple and a 
polarization value cross at right angles mutually. 

[0114] Then, after it put in the empty eel produced by the above-mentioned activity in the vacuum 
chamber of the usual load lock type and it carried out vacuum suction to the 1.0xlO*3Pa grade, it dipped 
so that an inlet might be attached to the liquid crystal depot heated at 85 degrees C in the about l.OPa 
vacuum, and liquid crystal was poured in into the component, and the liquid crystal device was produced. 
In addition, in this example, liquid crystal constituent FLOl was adjusted using following liquid crystal 
compound (a) - (d), and this was used. Moreover, this eel has been arranged between the polarization 
shafts of the couple the couple and the polarization shaft crossed at right angles mutually. 
[0115] 

[Formula 28] 




(a) C 8 H 17 ^-i, 2^- OCH^CF^OCaF^OC^Fg 



(b) 



CeHl7 ° ~"Cj^~C^~ OCHiCF^CaF^OCJF. 



(c) C 0 H 13 ^^V-^^— OCH^OC^C^e 



(d) C5H ia O — C^-^^— COO -<£^— OC * Hl 



CF a 



FIX - 1 (a) : (b) : (c) : (d) = 60 : 15 : 15 : 6 
f BK&MS Iso. — ► SmA — > SmC * 



CPs) (30 °C) = 27.0nC/cm 2 " - 

^jUhft (6) (30^) =24° 

dmin/daax = 0*993 

[0116] In addition, the spontaneous polarization (Ps) of above-mentioned liquid crystal constituent FLOl 
K. ■■ others [ Miyasato ] "the direct measurement approach of the spontaneous polarization of the 
ferroelectric liquid crystal by the chopping sea" (Japanese Journal of Applied Physics --) No. 22 or 10 (661) 
1983 and "Direct Method with Triangular Waves for Measuring Spontaneous Polarization in Ferroelectric 
Liquid Crystal", as described by KMiyasato et By al. (Jap.J.Appl.Phys.22.No.lO, L661 (1983)) It 
measured. 

[0117] Moreover, it asked for the tilt angle (theta) of above-mentioned liquid crystal constituent FLOl as 
follows. That is, the 1st extinction position (location where permeability becomes the lowest) and 2nd 
extinction position are searched for, detecting an optical response by photograph mull (the Hamamatsu 
photonics company make) at the same time it makes a polarizing plate and parallel rotate the liquid 
crystal device arranged under a rectangular cross Nicol's prism in the meantime, impressing AC 
(**30-**50V and 1100Hz) (alternating current) through an electrode between the vertical substrates of a 
liquid crystal device. And one half of the include angles from the 1st extinction position at this time to the 
2nd extinction position is set to tilt angle theta. 

[0118] At this example, it processed on two kinds of following conditions to the above-mentioned liquid 
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crystal device. 

80 degrees C [ of examples ] > 25 degrees C (*1 degree C / min) 
25 degrees C -> 45 degrees C (l degree C / min) 
45 degrees C -> 30 degrees C (-1 degree C / min) 

80 degrees C [ of examples of a comparison ] -> 30 degrees C ( l degree C / min) 

[0119] By approach which mentioned above the actuation margin in 30 degrees C of the above-mentioned 
liquid crystal device, it measured using the actuation wave (VOP=20V, a bias ratio = white and black are 
displayed by the single pixel 1/3.3, duty ratio =1 / about [ 1000 ]) shown in drawing 5 and drawing 6 . The 
liquid crystal device of an example was [ 0.230 and the example of a comparison ] 0.155, and as for the 
parameter M2 which shows an actuation margin, according to this invention, it turned out that the 
actuation margin has been improved substantially. 
[0120] 

[Effect of the Invention] As explained above, according to this invention, in a chiral smectdc liquid crystal 
device, orientation unevenness is controlled, as a result, a liquid crystal device with a large actuation 
margin is obtained, and it becomes possible to constitute the display of a high definition and a high speed 
excellent in the display property, and a large area. 

[Brief Description of the Drawings] 

[Drawing ll It is the cross section of 1 operation gestalt of the liquid crystal device of this invention. 
[Drawing 21 It is the block diagram showing the liquid crystal display equipped with the liquid crystal 
device of this invention, and a graphic controller. 

[Drawing 31 It is drawing showing the image information communication link timing chart between a 
liquid crystal display and a graphic controller. 

[Drawing 41 It is the top view of the liquid crystal panel which has arranged the matrix electrode. 
[Drawing 51 It is drawing showing an example of an actuation wave used for actuation of the liquid 
crystal device of this invention. 

[Drawing 61 It is drawing showing an example of an actuation wave used for actuation of the liquid 
crystal device of this invention. 

fDrawing 71 It is drawing having shown pulse width deltat at the time of using the actuation wave of 
drawing 5 , and the relation of permeability T. 
[Description of Notations] 
la, lb Substrate 
2a, 2b Electrode 

3 Four Orientation control layer 

61 Display Panel 

62 Scan Electrode Groups - . k c ... :. ; a~ . 

63 Information Electrode Group 

101 Liquid Crystal Display 

102 Graphic Controller 

103 Display Panel 

104 Scanning-Line Actuation Circuit 

105 Information Line Actuation Circuit 

106 Decoder 

107 Scanning Line Signal Generating Circuit 

108 Shift Register 

109 Line Memory 

110 Information Signal Generating Circuit 

111 Actuation Control Circuit 

112 GCPU 

113 Host CPU 

114 VRAM 
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